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FOREWORD

The work described in this report was accomplished
by Douglas Airecraft Company, Aircraft Division,

Long Beach, California, for the Bureau of Naval
Weapons, Wasningt-n, D, C., under Contract NGa(s)
50-6226e¢. It represents one phase of a comprehensive
program for the examination of loads experlenced by
Naval Aireraft during landings and the determination
of the accuracy with which these loads may be dupli-
cated by drop tests and analysis,

The project was performed under the general direction
of Mr. C. T. Newby of the Bureau of Naval Weapons

with Mr., D, 0. Lindquist acting as cognlzant technical
project head, It was cordurted by Douglas Alreraft
Comrany with Mr, F. C, Allen providing the technical
direction and Mr. L. B. Mosby acting as Chief Technical
Investigator.
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SUMMARY

This report describes and presents the results of
certaln airplane drop tests which are part of an
extensive program to compare the landing loads
experienced by an A4D-2 airplane during flight tests
and drop tests with those computed by analytical
methoda. Other phases of the program are reported in
References (1), (2) and (3).

The instrumentatlon used in these tests was nearly

. identical to that used in the flight test program and

was sufficlent to determine the loads applied to the
alrplane at the ground, the positlion of the strut,

the internal pressures in the gear and signiflcant struc-
tural accelerations.

The results are presented in the orm of curves of
measured parameter versus time. Vertical and horizontal
loads on the gear at the ground were computed from the
strut instrumentatlon and are compared with data from
the reaction platforms.

Discuasion on the significance of the data 1s reserved
for the Summary Report on this project (Reference (3)),
however, two recommendations pertaining to the need

for further work arise from this drop test program.

The first 1s that a study of the dynaml¢ characteristics
of the reactlcn platforms be made in order that confi-
dence 1in the strut instrumentation can be improved, and
second, that a sliding coefficient of friction test be
made of the tire on the reaction platform surface for the
purpose of substantiating the nigh coefficlents of frictlion
registered by the left hand atrut.
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SYMBOLS

Axial load in the strut at the axle, pounds,.
Positive up.

Normal load in the strut at the axle, pounds.
Positive aft.

Inertia force on the lover mass in the strut axial
direction, pounds. Positive down.

‘Acesleration of the lower mass in g's times its unight.
tire

(The lower mass weight, whish includes the wheel,
axle and instrumentation, 1s 120 peunds.)

Inertis force on the lower mass in a fere-aft direction
nermal to the strut, pounds. Positive forward.

Force on the gear at the ground parallel to the ground,
pounds.

Force on the gear at the greund normal to the ground,
pounds.

Interoept econstant. (except as noted)
Calibration constant. (except as noted)
Total wing 1ift, pounds.

Average coefficient of frictions of the tire on the
landing surface.

Instantaneocus coefficient of frietion.

The value of any parsmeter. Subscript denotes the
oscillograph chanmnel from whish the parsemeter was taken.

Time, seoonds.

Time from inatant of release to instant of greund
sontast, wmseconds.
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SYMBOLS (Centinued)

Air:lm vertieal velecity (sinking speed), at contact,
feet per secend.

Airplane weight, pounds.

Displacement of any oseillegraph trace frem
its gzero position, inches. ‘

Displasement of any oscillegraph trace frem
the reference line, inshes.

Displacement eof n‘x{ osoillograph trece frem
zero during the calidration run, inches.

Distance between the zero pesitien of any tn'u
and the reference line, inches.

Displacement of any oscillegraph trace from
the reference line, inches.

) . Angle of the fuselage reference line with respeect

te the horigental - degrees, Positive airplane
nose up.

Positive Gear Perces Positive Strut (Axle) Perces

TF\ o recono
{ | v L&

REF. LINE

Oscillegraph Trace Terminolegy
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INTRODUCTION

The landing loads investigation, of which this report
forms a part, provides for an experimental flight test
program and an airplane drop test program with consistent H
instrumentation in conjunction with an analytical dy-
namic loads program, The purpose of the investigation

' is to determine the differences, if any, in the loads
experienced in actual landings and the loads experienced
in drop tests, and to determine the accuracy with which
the landing loads can be duplicated by advanced analytical ‘
methods., This report describes the airplane drop tests
and presents the results of the drop test phase of the
investigation,

An additional objective of the program was to compare
the loads resulting from actual landings with the loads
measured on the moving drop test rig at the landing

loads test facility of the National Aeronautics and h
Space Administration (NASA) at Langley Fleld, Virginia,.

. . The airplane used was the Douglas A4D-2, general
‘ characteristics of which are shown in Pigure 1, The
NASA tests used a left hand AbD-2 gear which, together
with similar_instrumentation, was later used on the
ajrplane during its flight tests and drop tests, In
the flight and drop tests, a right hand gear with nearly
identical instrumentation was also used,

The camplete inveatigation 1s contained in three reports .
in addition to the present volume, A detailed descrip-
tion of the instrumentation and the calibration techniques
{s presented in Reference (1). A description of the
flight tests and the results thereof are given 1n
Reference (2) and the analytical investigation including
the comparisons described above is presented 1in

Reference (3). The NASA test results are contained

in Reference (4).

§ e
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EQUIPMENT

Details of the airplane instrumentation used in this
program are provided in Reference (1). A summary is
provided in Table I f'or the reader's convenlence.

Landing gear vertical and drag loads were measured by

v the landing gear instrumentation and by reaction platforms
the configuration of which is shown in Flgure 2. Varlations
In friction coefficient were obtalned by varying the size
of grooves in the surface of the platform. An average co-
effliclent of friction of approximately 0.4 was sought by
this procedure.

The airplane used in the drop tests was not the same
' as that used in flight test although the mass distribution

and rigldities were identlcal in all important respects.
Thus, all accglerometers ln the body of the drop test
article were mounted at the same location and with brackets
that were identical to the {light test article. The

(- landing cears were those used in flight test and the
recording apparatus was the same,

In these flight tests, the recording apparatus was contalned
in a reworked 300 gallon external fuel tank mounted on

the centerline of the airplane, This store was returned

to the laboratory after [light testing f'or mse in the drop
test program. In the flirst 62 drops this store was
mounted on the airplane in the same manner as in flight
test. After Drop 62, the instrumented store was removed
from the airplane and placed on the ground. Data was
transmitted from the airplane to the store by a cable.

This change reduced the maintenance required on the record-
ingz apparatus and eliminated some of the high frequency
pulses on the osclllograph traces. A dummy store of equiv-
alent mass and inertia was mounted on the airplane to re-
lace the instrumentation package.
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THE TEST SET-UP ‘

Figure 3 shows the airrlane in its pre-drop position
and provides 2 plicture of the test set-up, The
Apparatus and test procedures are, perhaps, typlical
of those used !n the industry with the possible ex-
ceptions dicussed below,

Because of the special !nstrumentation located on the
main landing gear axles, the wneel syln-up device

shown In Figures 4 and 5 was designed. Angular velocity
was lmparted to the alrplane wheels by bringing the
tires in contact with two additional tires mounted on

a Jack shaft which was driven by two alr motors. The
Jack shaft and i{ts mounting was assembled on a carrilage
which was moved clear of the airplane immediately be-
fore !t was dropred,

Wing 1ift was s!imu.ated by two 36 !inch diameter pneumatic
dampers (11ft pots) shown In Figure A, These were
attached to the zirplsne at wing Stations 52,0 (right

R and left) as shown in F'gure 7. The attachment mech-
anism was such that the load was applied shortly before
the wheel contacted the ground., /n essentially con-
stant load was malntalned tnroughout the stroke. Since
tnis method of load aprlication was one of the known
sionificant differences between drop tests and flight
tegsts, the attacqment links of the dampers to the alr-
plane were Instrumented with strain cauges In order that
the wing 11ft time-nistory could be determined, As
indicated In Filgure 7, additlonial 1ift dampers were
rrovided tc citech the alrplane in the event of a struc-
tural failure, Theese lift pots appiled no load toc the
airplane under normal clrcumstances.

Sinking speed was measured during the tests by 3 TKODI
fnstrument Set-u: as shown In Flgure £, Sinking speed
could not be obtalned directly from the drop height
without correcting for the forces introduced by the 1lift
pots prior to wheel contact, hence THODI was used as a
rarid means of obtalining this parameter during test,
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Top beam ocut 1/8 inch above platform.

Sink speed measured 2 1/8 inch above platform.

Pigure 8. TRODI Installation
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PROCEDURE

From a preliminary examination of the flight test data,
several landings were chosen for duplication in drop
tests, Numerous drops were made for the purpose of
checking the instrumentation and to provide accurate
duplication of the landings, A log of all drops is
contained in Appendix A, ’

Table II provides a 1ist of the initial conditions of
all drops for which detailed data are presented herein
and the initial conditions of those flight landings
which will be compared with drop tests in the Summary
Report (Reference 3), Not all drop tests were dupli-
cated by landings because of the fact that after the
drop tests were conducted, the data from some flight
landings were found to be unacceptable,

The following paragraphs describe the methods of mea-
suring the initial conditions and the estimated
accuracy of the readings.

A, Veight and Welght Distribution,

Welght and C.G. position were determined by means
of Cox and Stevens Electronic Weighing Units
’ placed under the jacking points of the airplane,

“ The accuracy of the weighing units is $0.14

and thelr location was known within 0.2 inch.

The maximum possible error on airplane weight

is, therefore, +13.5 1b, and on .G,

position 0.4 inch,

The moment of inertia of the airplane in pitch
was determined by measuring the frequency of
oscillation of the airplane when supported in
the manner shown in Pigure 10, The measurement
was made for one distribution only, analytical
correcti6ns being made for other gross weights,
Overall accuracy of 22% is estimated for the
moment of inertla,
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Figure 10, Neasurement of Moment of Inertia
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B. Puselage Reference Line Angle (¢)

The fuselage reference angle was measured prior
to drop by a bubble protractor level, The pitch-
roll gyro in the airplane (Item 20 Page 4 ) was

set on this value, and the alrplane attitude at

the time of contact was determined from the
osclllograph trace of this instrument., The
angle listed in Table II 1s the angle at time
of contact.

The protractor was placed on the girplane at the
gun-sight level points which were manufactured
parallel to the fuselage reference line within
20.1 degree at the time the fuselage was in its
tooling Jig. Structural deflections caused by
differences in method of support created a cer-
tain amount of change 1n the relative position
of the level points and the fuselage reference
line and, consequently, introduced an error in
~ the value of ¢. Investigations of such de-
~ flections made for the purpose of calculating
( gun-sight errors lead to the conclusion that the
error in this case 1s of the order of 0.1 degree,.
The combined error introduced by the protractor
and gyro is also estimated at 0,1 degree, hence,
' the overall accuracy of the value of ¢ is es-
timated to be within 0.2 degree.

Variation in pitch attitude was obtalned by

moving the hoist point fore and aft. Oscillatl
tions of the aircraft caused by wheel spin-up

and airplane rotation after release caused lack

of precise duplication of the landing attitude,
however, analytical considerations indicated that
accuracy greater than ¢1.0 degree was unnecessary.

P

-l



FORM LB2%. % 1A
(3. %)

. .
" :

r“k

ratraneoav. PoC.Allen  DOUGLAS AIRCRAFT COMPANY, INC. ... 19 .

cHeckeo oy, _L:B.Mesby 9/Y2/62 LONG BEACH DIVISION " wooen__ASD-2

niree, LANDING LOADS INVESTIGATION LABORATORY DROP TESTS

Wing Lift

Wing 11ft was determined from the instrumented
links attaching the 1ift dampers to the airplane,
Since fluctuations of the 1ift oeccurred during
the stroke, the average values shnown in Table II
were computed from the oscillograph records,
lLack of precise agreement between flight test
and drop test values was caused by the fact that
the average 1ift was approximated during drop
tests and computed more accuratley later., The
acc;racy of the 1ift, as measured, was within

t 2%,

Sink Speed

Sink speed was measured during the tests by 2
TRODI instrument set-up as shown in Figure 8.
Sinking speed was subsequently obtained for
Drops 68, 70, 82, 84 and 93 by the following
application of the classic equations of motion
in which conslderation was given to the effect
of wing 1ift appllied prior to the instant of
ground contact:

vv.g.E-%/Ldt

where £ 1a the time from the instant of release
to the instant of ground contact, L is the lift
applied to the airplane through the 1ift pots

and W is the gross weight of the airplane, A
comparison of the TRODI readings with Vy obtained
from solution of the above equation is of in-
terest in the evaluation of the accuracy of the
sinking speed measurement,

The variation of wing lift with time, as obtalned
from the oscillograph records, for the perlod
before ground contact is shown in Figure 11,
Integratign of these curves provides the in-
formation'for the second term of the right hand
member of the above equation., The following
table provides a comparison of sinking speeds
obtained by the two methods.

»

rerort no BB 40642
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1.

Vy-fps Vy-fps
gt & 14t (Computed)  (TRODI)

84 .90 13.9 13.8
70 13.5 12,2 12.0
68 . 504 16.2 15.0 14,8
93 .551 17.7 16.7 16.8

82 540 17.4 16.2 15.8

. TRODI readings agree with the calculated within

{ . $0.2 fps with the exception of Drop B2. - A notation
on the log (Appendix As for drops made on the same
day as Drop 82 to the effect that the TRODI sensi-
tivity was set too low leads to the conclusion that

' the computed value is more correct. In addition,

the only experimental parameter in the computed value
having a significant effect on the results 1if t,
A conservative estimate of the maximum error in t 1is
1.004 sec. which rroduces 1.13 fps error in sinking
speed. In view of these factors, the computed
sink speeds are used in preference to the TRODI
readings for the drop tests which are to be compared
with flight landings in subsequent investigations,
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RA

E. Horizontal Speed (Wheel Rotational Veloecity) H

The rotational veloeity of the wheels of the
drop teat airplane and of the flight test air-
plane was measured by a magnetic pieckup mounted
on the brake assembly which was activated by .
steel studs fastened to the wheel at 10 degree
intervals. As each’ stud passed the sensor, an

' electrical current was generated which was re-
corded on the oscillograph,

The relationship between wheel maximum rotational
velocity and airplane forward velocity on the
flight landings was a variable which depended
upon the tire deflection at the time of spin-

up. The procedure used in the drop tests was to
mateh as closely as possible the maximum wheel ,
RPM obtained in the flight landings. Since the
relationship between RPM and airplane velocity

is indefinite, no airplane speed is listed for

the drop tests in Table II.

{ In drop tests the wheels were spun by the device
described on Page 7 ., After spin-up it was nec-
egsary for the spin-up apparatus to be moved and
for the airplane to stop oscillating, during which
time the wheel rotational velocity varied, It
was necessary, therefore, to make allowanee for
tnis variation and, again, exact duplication of
the flight condition was not possible.

The accuracy of the rotational speed measurement
at these speeds was very good being limited only
by the accuracy of the recording apparatus and
the time signal, Without a detailed analysis it
can be stated that the accuracy is well within
€ 1 RPM, Accuracy of this device reduced as the
speed reduced, hence, 1t was not possible to
obtain a satisfactory reading as the rotational
¢ velocity approached zero or to determine accu-
rately the time at which rotation stopped,
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REDUCTION OF DATA

Pigure 12 is a reproduction of the oscillegraph recerds
obtained during a typical drep test. In sccerdanse with
standard practice, each record was prededed by a oali-
bretion run in which gero's and the response of eagh
channel to known veltages were obtained. Channel 22

on each escillegraph monitered the voltage of the power
:\ggply since this was not precisely constant throughout

run,

The oscillograph data, in terms of trace deflestion from
a referense line was read by a Bensen-Lerhner “Oscar J"
reader whish provided punched cards for input to an IBM
program for reduction of the data. The data were read
at .001 sec. intervals.

The reduction equations were net identiocal for all
channels. The channels and the equations used by the
machine are identified in Table III and in the following

paragraphs

8 081 -8
When Flag 1 =« 1 and Plag 3 = O3 z"

E, - B, (1)

61"60

When Plag 1 = 1 and Plag 3 = 1; x = pr—x

e

) 84 -~ 8

When Plag 1 = 0 and Flag 3 = 1 -
NG TRTYEW)

Plags 2 and 4 control the equations be used in
sonverting 5/A tar parameter value, "P,

When Plag 2 = O,
P-%(K+) .

]
.
8 bi'Ao
.%

Yhen Flag 1 = O and Flag 3 = 0;
(51‘60)

Aea
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(3

When Plag 2 = 1, g. 1s minus, and the alternate constant
is unseds

P (X) .
When Plag & = 1, an intercept constant is added. Then,
o]
Ps=sl+ 'y (K) (7)

L]
Teble III provides the ealibration censtants, X, and the
4 information pertaining to sach channel. The inter-
cept, I, applies to pressures only and is equal to the strut
;gi;uli’bloluu pressure with strut extended (14.7 + 25.0 =
o PBL).

Additional operaticns were required on certain parametors
to present information in a preferred form. Thus, the
axle strain gauge readings, channels 10 and 14, were

. eonverted to strut axial and norwal forse, after which

~ strut axial and nermal forde combined with the axle accelera-
tions were converted to loads at the ground. Also, thwe
instantaneeus, coefficient of fristion was computed as well
as the aversge coefficient. The equations applicable to
these operetions are as follows:

A. Axle readings to strut load”
L.H. Gear (Oso 1)
PA = (43,578-182.1Pg)P; + (-223,8-66.TPg)P, 5

PN = (983.3-99.1Pg)Py + (4575.0-5.08g)P) 5

R.H. Gear (Osc 2)
PA = (56,995+337.2Pg)Py, + (1200-101.1Fg)Pyy

\3 ' ® The equations are derived in reference (1).
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B. 8trut leads to ground leads
FV0 = (PA + PAA) COS(6-6) - (FN + PAN) BIN(é-6)
FHO = (PN + PAN) COS(6-6) + (PA + FAA) SIN(é-6)

C. Cosfficient of frietion

NUA, .!_:é

Average MUA = ) [%(:mi-,_ + MUAi)] ;Arg

'The reduced data were printed numerically and plotted
nechanically.

ot
L]
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Figure 12. Reproduction of Typleal Osclllograph Record
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TABLE HX. OSCILLOGRAPH TRACE IDENTIPICATION AND CALIBRATION CONSTANTS.
OSCILLUGRAPH NUMHER 1 '

CAANNLL NO. U Lt CUNS T+ (K+) co~51~(K-)l ihAg .
& Le He STRUT AR PRESSURE, P.S.l. 3942.0000 0. 0e 0. 1. 1.
[ LeH.STRUI PUSIELUN, INCHES 16.0040 0. e 0. 1. O,
7. LoHe STRUT VELUCLIY, F.P,S. 21,7300 0. le 0o 1. O.
[ LeHo VLRTICAL PLATFORM, LBS. 48450, 0000 0. 1. 0. 1. 0.
9. LeneSERUT METERING PRESSURE, P.S.l. 4406,0000 0. le 04 1o 1o

10. LeMoeAXLL STRAIN GAGL L¢ VERTICAL V. 9947 0, 0. 0. 1. O.
ti. LoMeAXLE VLRIICAL ACCLLERATION, G S 51,2398 0. 0. 0., 1. O.
12. LeHeDRAL BRALE, LBS. ’ 56970.0000 %6777,0000 0. 1. 1. O.
3. LeHoARLL URAG ACCELLRATIONG G S $2.3510 0, 0s O, 1. O,
160 LeHoAXLL STHAIN LAGE 3, URAL 1.0107 0. 0., 0. 1. O.
16. LeHoDRAG PLATFORM, LBS. 11644.0000 K 1. 0. 1. O,
19. LeHa REBUUND CHAMBER PRESSURE 5640.0000 0. e 0. 1. {.
2. LeH . AKLE LATLRAL ACLELERATION, G § 49.9610 0. 0. 0. 1. O.
22 VOLFALL MUNITUR 1.,0000 0. 1« 0. 0. 0.
23. NUSE GRAR STRUT POSITIUN, INCHES 16,0060 0. le 0. 1. O,
24, NO3E GEAR UPPLR MASS VERILALC., G § ~11.4840 0. 0. 0. 1. 0.
20. STRUT 31Dt BENUING STRAIN GAGL 0.9980 0. 0. 0. 1. O.
27. Coboe NURNAL ACLELENATION 1, 0 S 0.06117 0. 0. 0. 1. O.
g - 28. FRL PLICH ATTITUDE, DEGRELS 3.5950 0. 0. 0., 0. O.
29, Lebo LUNGITUDINAL ACCELERATION, G § 0.5488 0. 0. 0. 1., O,
30. A/C ROLL ATFLIUDL, UEGRELS 11.0950 0. 0, 0. 0, 0.
3. Colro NURMAL ACCELLKATION LU, G S 7.8645 0. 0. 0. 1. O.
33. LeHoGEAR UPPER MASS VERTLACC.y G § 18.5320 0. 0. 0. 1. O,
34, LeH.GC AR UPPER MASS LONGL.ACL., G § 11,8390 0. 0 0. 1. 0.

OSCILLOGRAPH NUMBER 2

' R.HJSTRUT AIR PRESSURE, PoS.1. 3850, 0000 0. 0. 0. 1, 1,
6. R.H STRUT POSITION, INCHES 16,0000 0. 1. 0. 1, 0.
Ts R.H.STRUT VELOCITY, F,P,S. 21,3400 0. e 0. 1. 0.
8. RoteVERTICAL PLATFORM, LBS, 47650, 0000 0. 1« 0o 1. 0.
9. RoMeSTRUT METERING PRESSURE, PeSol. $290.0000 0. 1. 0« Vo 1,
10. ReH AXLE STRAIN GAGE & VERYICAL 1,0040 0. 0. 0. 1. 0.
1, RoH AXLE VERTICAL ACCELERATION, G § 53,6280 0. 0, 0. ). 0.
12. RoH.ORAG PLATFORM, LBS. 11611,7999 0. e« 0. Y. 0.
13, R,H.AXLE STRAIN GAGE 5 DRAG 1, 0000 0. 0. 0. 1. O.
14, R.H.AXLE DRAG ACCELERATION, G S 67.2030 0. 9. 0. 1. 0.
15, R.H. CRAL BRACE, LBS. 5$7626.0000 $57638.0000 0. 3. ), O.
16, Lort. DRAG BRACE, LBS. 57243.0000 56775.0000 O, ), . Q.
22, VOIL TAGE MON]TOR 1.0000 0. e Q. 0. O.
23. LeH.WING LIFT, LBS. 5044,0000 0. 0. 0. V., 0.
28, R.H.WINC LIFT, LBS,. 5123,0000 0. 0, 0., 1. 0.
26, RoHWING TIP ACCELEROMETER, G S 38,0670 0. 0. 0, V. O.
27. LeHWING TIP ACCELEROMETER, G § 37.4600 0. 0. 0., 1. 0.
28, FRL PITCH AYTITUDE, DEGREES 3,530 0. 0. 0. 0. 0.
29. R.H.GEAR UPPER MASS VERT.ACC., G § 19,4330 0. 0. 0. ). 0.
i1, R.H.GEAR UPPER MASS LONG.ACC.s G § 12,0950 0. 0. 0. 1. O,
33, A.H.AXLE STRAIN GAGE 3 S1D€ 1,0033 0. 0. 0. 1. O.
15, ReH.AXLE LATERAL ACCELERATION, G § -39.7000 0. 0. 0. V. 0.
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RESULTS

The results of the drop tesis are presented on pages 38
to Ul In the form of curves showing tne varlatlon of
paramcter versus time. Wherever right and left hand
readin.s are avallablc, the cruve.s are drawn so as to
present a compariscn of left and right parameters. The
azcuracy ol the data 13 estimated in Reference (1).

A summary of these estimates 1s lncluded herein as
Table IV Por convenlen:e. The response characterlstics
of each channel are descrlbed in Takble V. Since the
records were read at L0301 second 1ntervals and fn most
cases plotted av 002 seccnd Intervals, the aecuracy of
the pletted results witn respect te l'requency respcnse
will be limitea In sone instances by the number ot points
per cycle,

The comments wnlch Tcllow are made In the orcer that
data appears on Pages 38 to 40,

1. C.G3. Acceleraticns

The normal a-celeratlicn (10 £'s) trace is the
most sl:snliflcant and usei'ul. Both the normal
accelercmeter (1) and the longltudinal accel-
crometer had maximum ranges of approximately
i.5g and nigher accelerations were not
Tecorded. The 1lg normal accelerometer was used
durlny fllgnt tests to measure wing 1ift.

Nose and Maln Gear Strut Iosltion

This 1s thec reading from tne sllde-wire in-
strumentatlon., Left and rizght gear positlions

are conslistent. These data are compared to the
strut positlon determined {rom integrating the
strut veleocity under Item 14 and comment on tne
accuracy of this measurement 1s included thereln.

Main Gear Side Bending Gauge

Nc calloration was obtained for this portion of
the instrumentation In terms of the baslc ground
loads, hen:e these data are not useful except

as a qualltative indication of the varlation

o5t bending, stress ln the gear at the point of
attachment of the gzauges.
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Main Qear Drag Gauge

This is the gauge on the axle responding primarily
to fore and aft force at the ground, The read-
ings presented here were used in conjunction
with the vertical strain gauge reading to give
the ground loads presented on Pages 63 to &8i,
Differences in magnitude of the trace dis-
placement between right and left gears is com-
pensated for by different calibration constants
(see Table I1III), The first ,08 second of this
record 18 of greatest linportance in this in-
vestigation since 1t includes the spin-up and
spring back phenomena of interest to designers,

5. Piteh and Roll Attitude

The att!itude readings were derived from the
pitch-roll gyro. Pltch attitude at time zero
provides the initial condition for Table II and
the subsequent values were used as ¢ in the ex-
pressions for PVG and FHG in Equations (12)
and (13) to determine the ground loads plotted
on Pages n9 to &+ ., The roll attitude readings
substantiate the fact that the drops were
essentially symmetrical. Maximum readings of

! 1/2 degree were reglstered.

£. Maln Gear Vertical Gauge

This gauge, mounted on the axle, responded
primarily to vertical load and the reading was
used in conjunction with the main gear drag

gauge to obtaln the ground loads plotted on

Pages 6% to &4 , The ground loads are one of the
most !mportant parameters in this investigation,
Thelr accuracy and rellability are discussed

in detail on Pages »2 to /¥
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Wing Tip Acceleration

The consistency between right and left accelera-
tione creates confidence in these readings,
Certaln differences can be expected, especlally
in the 1nitlal accelerations because of the
g8light time differential in the application of
the wing 1ift loads (Figure 11).

8. Nose Gear Vertical Acceleration

With the exception of Drops 82 and 93, the nose
gear vertical acceleratlons are those induced

by main gear loads. In Drops 82 and 93 the

nose gear toucned down before tne main gear load
history was complete and additional accelerations
were produced by the nose gear load.

G, Right and Left Upper Mass Accelergtions

Certain of these records show inconsistencles
between right and left gear both In the magni-
tude and phasing. Where such lg the case, it
{8 recommended that the results be used with
caution, since no reason has been established
for this lack of symmetry.

10, Right and Left Lower Mass Acceleratlions

The vertical and drag acceleration data are
used 1n the determination of the ground loads
and consequently are of primary interest,
Detailed examination and extensive usage of
these data has established a high confidence

in thelr accuracy. The slide accelerations have
not been used as extensively, but because of
the similarity of sensing and recording units,
the reliability of these curves ls also con-
sidered to be good.
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Wing Lirt

These curves shew the extent to which a zonstant
11t was maintalined during the stroke, Variatlons
of + 10% from the mean are noted with the larser
varlat'cn c:curring generally in the irst part

o!' the stroke, Inasmuch as the 21t dampers may
have indlvidual characteristics and are not

arplled exactly simultaneously, conslstency of
phase relatlionship bvetween right and left 11Ut
curves l1s not expected., Also, during the drop

the wing will be vibratinc because of the impulse
introduced @t the instaut of release, and the li:t
damper wlll connect at difference times in the
wing's deslectlon cycle., Hence, preclse conslistency
between drops cannot be expected. The average
values ¢!’ 11t determined Trom these data were used
for compariscn with the light test landing 117t
(Tabie TI). It i3 velieved that these records
present an u:curate description ol the loads
aprlied to tne alrplane by the 11ft damgpers, and
the data can be ugsed wlth confldence.

Dras Wrace Axial Load

Gooud censistency between risht and left drag
braces !s noted for all record® except Drop 79.
The difrerences noted in the Drop 70 record are
conslstent with a similar departure {rom sSym-
metry bctacen right and lelt axle drag accelera-
tlon (Item 10) and metering chamber pressure
(Item 1.). 'Tese phenomena may be assoclated
with roll of the airplane since Drcp 7€ has the
larsest initial angle of reoll.
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13. Pressure Readings

Good consistency is noted between right and
left gear readings both as to magnitude and
phasing again with the exception of Drop 70.
Because of the fact that non-symmetry of data
in Drop 70 ‘s registered on several channels,
1t 1s considered a real phenomenon, and the
reliability of the records i1s strengthened
rather than reduced by the noted differences
between right snd left readings,

The rebound chamber pressure was measured only

on the left gear and orly in drop tests., This
Instrumentation was added as a result of the
analytical study which showed that the rebound
chamber pressure had a prenounced effect on the fear
operation during the compression stroke,

14, GStrut Velocity

As Indicated In Table I, strut velocity was
measured by a Sanborn veloclty generator. The
accuracy of this instrument has been estimated
at + 47 (Table IV). The resulting data appears
consistent with!ln itself and in comparison to the
opposite side, A comparison was mzde for three
cases of the integrated velocity and the stroke
(Item 2 above) with the results shown in
Figure 13. The agreement between glide-wire
reading and integrated velocity reading is
eubstantially less than the accuracy of each
instrument since at certain times a difference
of stroke of 1 1/2 inches is noted, 1In an
effort to establish which of the readings 1is
more r=liable, a comparison was made with the
analytical, or computed, stroke (see Figure 14),
Slightly better correlation 18 noted for the
integrated stroke, It i1s of interest to note
that both the theory and the Integrated stroke
are high with respect to the slide wire reading
' in the middle time range,

There is insufficient evidence to establish
which of the two measured values 1s more correct,
however, the comparisons presented here cast

gome doubt on the accuracy of the slide wire,
Further work needs to be done to clarify this

. v point,

-
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ESTIMATED OVERALL RECORDED PARAMETER ACCURACY.

;
j

Gear Vertical Load

Gear Drag Load

Gear Vertical Load

Gear Dreg Load

Gesr Lower Mass Vertical Acceleration
Gear Lower Mass Drag Acceleration
Gear Lower Mass Laterei Acceleration
Gear Lower Mass Vertical Acceleration
Gear Lower Msss Drag Acceleration
Gesr Lower Mass Loteral Acceleration
. Gear Upper Mass Vertical Acceleration
. Gear Upper Mass Longitudinal Acceleration
. Gear Upper Mass Vertical Acceleration
. Gear Upper Mess Longitudinal Acceleration
Gear Strut Position

Geer Strut Position

Gear Strut Velocity

Gear Strut Velocity

Gear Metering Chamber Pressure

. Gear Metering Chamber Pressure

. Gear Shock Strut Rebound Chamber Pressure
. Gear Strut Alr Pressure

Gear Strut Alr Pressure

Gear Drag Brace Load

Gear Drag Brace Load

Geer Strut Position

Gear Upper Mass Vertical Acceleration
Norma! Acceleration (Low Range)
Norma! Acceleration (High Range)

C G. Longitudinal Acceleration

Alrcratt Pitch Attitude

Alrcratt Roil Attitude

R.H. Wing Tip Vertical Acceleration

H. Wing Tip vertical Accelerstion

H., Gear Reaction Plettorm vVertical Load
H. Gear Reaction Platform Drag Load

H. Gesr Reaction Platform Vertical Load
H. Gear Resction Piattorm Drag Load

se Geer Reaction Platform Vertical Lood
H,

H.

mi

e © o o e ® & o o o
e & e ® o o o o o

e« s ® »
o o

Xk ok Ladal - tut - la - Tadak B B B B Nodalolalol ¥
gIIIIIIIIIIIIIIIIIIIIIIIII

o§

00
oo

L.
R.
R
L.
L.
N
R.H, Wing Lift Link Load
L.
Ti

Wing Lift Link Load
ng Clock
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‘ FLAT RESPONSE~CPS
PARAMETER
R.H. Gear Vertical Load 115 135
R.H, Geer Drag Load 55 95
R.H, Geer Side Bendling Moment 90 180
L.H. Gear Vertical Load 65 195
L.H. Gesr Drag Load : 50 100
L.H., Gear Side Bending Moment 65 190
L.H. Gear Lower Mass Vertical Acceleration 60 180
L.H. Gear Lower Mass Drag Acceleration 135 150
L.H, Gesr Lower Msss Lateral Acceleration 155 175
R.H. Gear Lower Mass Vertical Acceleration 10 130
R.H. Gesr Lower Mess Drag Acceleration 45 75
' R.H. Gear Lower Mass Lateral Acceleration 40 60
R.H., Geer Upper Mass Vertical Acceleration 50 85
R.H. Geer Upper Mass Longitudinal Acceleration 105 130
L.H., Gear ljpper Mass Vertical Acceleration 50 85
L.H., Gear Upper Mass Longitudinal Acceleration 60 90
R.H, Gear Strut Position 65 110
L.H. Geer Strut Position 55 90
o R.H. Gear Strut Velocity 45 70
L.H. Geer Strut Velocity 50 90
R.H, Gear Metering Chamber Pressure 70 180
L.H. Gear Metering Chamber Pressure 60 185
L.H, Gear Strut Rebound Chamber Pressure 55 188
R.H. Gear Strut Air Pressure 15 40
L.H, Geer Strut Air Pressure 15 40
R.H, Geer Drag Brace Lood 60 100
L.H. Gear Drag Brace Load 50 80
Nose Gear Strut Position 80 135
Nose Gear Upper Mass Vertica! Acceleration 120 145
' C.G. Normal Acceleration (Low Range) 25 40
C.G. Normal Acceleration (High Range) 40 55
C.G. Longitudinal Acceleration 20 35
Aircratt Pitch Attitude 30 35
Aircrett Roll Attitude 20 35
R.H. Wing Tip vertical Acceleration 65 160
L.H. Wing Tip Vertical Acceleration ' 50 80
” R.H. Wing Litt Link Load 55 170
L.H. Wing Litt Link Loed 125 145
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GROUND LOADS

Vertlcal and horizontal loads at the ground obtained from
the strut instrumentation and the equations on Page 24
are presented on Pages €9 to 84, A compariscn ls made
with the loads registered on the reaction platiurm,

Ir discussing the probable accuracy and reliability of

these data, 1t 1s deslreable to review briefly the
procedure uged in the calibratlon of the axle strain

gauges which supply the primary input for the "strut"

ground loads data. A complete discusslon of the calibration
procedure is contained in Reference 1.

This procedure consisted of comparing the vertical

ground load from strut data computed by Equation 12,

with the verti.al readings of the reaction platform.

The comparison was made at .002 second Intervals and

the strain gauge constants were chosen such that the
average error was minimum. Since the reactlion platfomrm
drag measurement was not considered to be reliable,
comparisons were made for the drag direction Ln perfectly
vertical drops without spin-up, in which the drag load
was known to be zero.

Thus, good agreement between the average vertical plat-
fcrm load and the average vertlical strut load could e
expected by the nature of the callbration. At any
Instant of time, however, differences mlght be expected,
such differences being lntroduced primarily by relative
accuracy of the dynamic responses of the strut instru-
mentation and the platform.

It is noted that in the first .03 seconds the peak vertl-
cal load from the reactlon platiorm always exceeds the

peak verti:al load measured by the strut. This phenomenon
13 attributed to the response characteristic of the
platform., Although a complete inveatligatlion of the dynamic
charactoristics of the platform has not been made, it

has been determined (Reference 5) that the fundamental
frequency in the vertical direction is 22 cycles per second
which 1s close to the frequency of the {irst load peak.

The high reaction platform load at this poinf is, therefore,
believed to be dynamic overshoot. In view of this fact,
the load variation shown by the strut In thlis region is
considered more rellable. ,

e e b s R TNy

R S s < ek 4w ot T ST
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Substantial differensces are noted between the strut

drag lead and the reastien platforms drag load. Readings
of the resstion platform in the drag direction have been
viewed with skeptioliswm for some time inasmuch as there

is a h coefficient of friotion between ths plate and
the rollers under high lead which inhibhits an acourste
response to high frequencies. This lask of high frequeney
respense is evident both in the initisl peak dreg loads
and in the subsequent eseillations where ithe reastioen
platfoym appears to be a reugh aversge betwesn the peaks
of the load obtained by the atrut instmmentation. On
the other hand, the coeffisients of friotion uted
frem the left hand gear strut leads are higher ¢ any
known previcus observatien, and in view eof the differences
between the left and right hand coefficients, some skepti-
olisu regarding the acouracy of the left gear drag lead
readings 1s warranted. The following peragraphs diseuss
this point in detail.

Table VI summarizes the coefficlents of friction data.
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Drop Source

No.

: 84

70

68

93

82

75

Strut
Platform
Strut

Platform

8Strut
Platform
Strut
Platform
Strut
Platform
Strut
Platform
Strut
Platform
Strut
Phtfo.rn

Table vI
CORFFICIENTS OF FRICTION AND SPIN-UP TIME
Coefficient of Priction Spin-Up Time#®
laft Gear Right Gear Secends
Average Maximum*® Average Maximum® Left Right
«T3 1.28 ‘.hB .76 Okl
.52 .64 A2 o8
.65 1.19 .68
.63 .60
1.0
+59 .61
1.33 .70
.58 .70
1.1 TR
.6l .54 .78
.66
.63 . .63
.68
.66

.62 .61

¢ Points prior to t = .01 are ignored.

#* To be precise, in drop tests this 1s "spin-down" time.
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The data are further summarized in the feollow table
::p whioe the peculiar nature of the left guris.;tu is
arent ;

Coefficient of Friction Avg.
Spin-Up
Average Maximum Average Average Time-Seo

laft gear - Strut 1.25 oTH
' Platform «50
Right gear - Strut )
Platforw 46

This table shows that ths strut instrumentation (both
right and left) gives higher drag loads than the
latform. It also shows that the left gear spin-up
ime 13 en the ave substantially less than the
right, hence higher drag loads would be expested for
the left gear.

To further explore the asouracy of the drag data, the
wheel RMM was computed from the equation

m.g%.[’[(n-c) - PHO + 4t

where IP = the polar moment of inertia of the retating
mass, :

R = Tire radius
C = Tire deflection
FHG = Drag foree at the ground
The integration was sarried out from time of ooﬁtaet

to the time that FRG reduces to zeroc. The following
results were obtained:

[N |
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Table VII
Comparisen of Calculated and Messured Wheel Angular Veloecity

Drop Source Wheel Rotational Velooity
No. left Gear Right Gear
RPM  Dev.Frow RPN Dev.Frem
Meas. & . Meas. %
84 Direet Measurement 1811 179% .
Calculated - Strut Data 2112.3 +16 1671 - T.1

Calculated - Platform Data 1734.6 4.3 928 .x8.4

Direct Measurement 2097 2089
Caloulated - Strut Data 2082 2037 - 2.8

Caleulated - Platform Data 2035 1937

Direot Measurement 1925 1918
Calculated - Strut Data 2138 2137

Caloulated - Platform Data 1670 1810

Direct Measurement 1936 1912
Calgulated - Strut Data 2352 2016
Caloulated - Platform Data 1628 1781

Direct Measurement 2074 20k4
Caloulated - 8trut Data 2582 +22 2257
Caloulated - Platform Data 1794 ~15 1921

Average Deviation from Measured RFM
Left Right
strut +14.4 + 33
Platform -10.1 -68¢
* Negleots Drop SA
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The oaleulations associated with the foregoing table

are inherently ef low acsuracy because of the possible
variation in polar moment of inertia of the wheel and
tire. Sho value used in these caloulations, 11.26
slug-in<, was obtained froum manufacturer's data and is
considered accurate within 115¢. In addition to varia-
tions eaused by dimensional tolerances and wear of the
tire, Ip will vary with rotational velosity and with age,
these latter variations tending to inerease the momwent

of inertia by approximately 10%. If the left hand gear
moment of inertia were 1074 higher than the right, Table VII
would show reasonable eorrelation for the left hand gear
(4.¢., the deviations shown would be reduced by 10%).
Definite cenclusions regarding the aceuraecy of the drag
data cannot, therefore, be drawn from the spin-up
caleulatiens. .

The high coefficient of fristion for the left gear still
remains to intrude an element of doubt on ¢he ascuraey
of the left gear drag data. Before the possibility of
drag cocefficients in excess of 1.0 is abandened, it is
recoumended that a low speed sliding ocoefficient of
friaction test be conducted using the actual platform
surface. Reference (6), Page 23, shows a rough eorre-
lation between sliding ccefficient of friction and values

obtained from dynamic tests. Should the sliding coeffi-
clent of friction for the platform be substantially higher
than that shown in Reference (6), there would be cause to
believe that dynamic coefficients in excess of 1.0 eould
be reached in drop test.
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SUMMARY OF RESULTS AND CONCLUSIONS

The significance of these drop test data and comparisons
with flight landings, theory and NASA data are esonsidered
in the summary report (Reference (3)). The present report
is more concerned with the presentation of data and an
evaluation of the overall aceurasy of the instrumentatién
under test eonditions.

The estimated aocourasy ef the individual instruments
supplied by Reference (1) and swmsarized in Table IV

is for the most part substantiated by a study of the
resulting data and by sud ent usage in the comwparisens
carried out in Reference (3). Areas of cencern have been
noted and discussed in previous sestiens and consist prin-
eipally of the following:

1. 8inking 8peed

Accurate measurement of the sinking speed, V.,
has proved diffisult even under laboratory odndi-
tions. As noted on Page 19, the determination
of sinking speed by the elapsed time method is the
most ascurate and is limited by the determination
of the precise wements of release and sontaot.
Instrument asouracy is sufficient to determine time
to .001 sesonds or less, but since the airplane is
flexible, socelerations created by operation of the
release wechanism and by contact with the ground
are not felt simultansously by all parts of the
airplane. Hence, U, can be ascertained only to
+.004 seconds which introduces a poasible errer

¢ Of .13 feet per second. This, in turn, oreates
a possible error of 2% in the kinetic energy of a
nominal 13 fps drop.

The difficulties described above will probably be
encountered with any existing wethed of measurement
and eonaidersble effort would be required te iwmprove
acsursgy. It is believed, however, that the acsuraey
obtained is sufficient for the purposes.of this
project.
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Strut Position

Strut position was obtained from two sources,
namely, the slide-wire device and by integra-
tion of the velocity generator reading.
Pifferences up to 1.5 inches have been noted in
data from these two instruments. 8ince the

8lide wire ieg ths more direst measurement and

is less complicated, its readings would nermally
be considered the more reliable. However, the
data f the veloscity generator agrees better
with thdery and, hence, some doubt 13 cast on

the slide-wire readi:s. This discrepansy can
only be resolved by additional testing eor cali-
bration. Sush work should sonsist of (a) simul-
taneous readings of the two instruments while the
strut is being moved rapidly through & knewn dis-
placement and (b) with the strut fixed, simultarsous
readings during the appliecation of a high load.
The first test would determine the effects of
velocity on instrument accuracy, and she second,
the effects of structural deformetlions. ‘

Greound Loads

The comparisen of vertical ground loads provided
on Pages 69 to 84 indicates general agreement
.between strut instrumentation and reaction plat-
form. One exception is on the first peak where
the reaction platform is conaistently higher.
This has been attridbuted to dynamic oversheot

of the reaction platform.

Agreement between drag loads obtained frem strut
instrmentation and the reaction platform is
generally poor. This lack of agreement was
expeoted sinee lack of accurasy of the reactien
platform in the drag direstien under dynamic
conditions has been previously noted in ether werk.
The right hand gear drag loads from strut instru-
mentation appear te be generslly oonsistent and
reasenable. The left hand gear drsg loads from
strut instrumentation appears to be high by a
factor of 10 to 20% although definite proof of
this fact is not available.
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Conclusions

1. The drop test data presented herein can generally
be used with confidence within the limits of
accurasy spacified in Table IV with the following
exceptlions:

a. Sinking speed, V,, accuraoy 1s within $0.13
feet per second.

. Strut position gilven by the slide wire is in
question since results obtained therefrem
differ from the velocity generatoer data by as
much as 1.5 ineches,

Vertical ground loads and right hand gonr drag
loads are considered to be accurate within

154, Left hand gear drag loads appear to be
high and should be used with diseretion.

Additional calibration of the slide wire and
velocity generator is recommended in oxrder to
resolve the discrepancy noted above. A dynamle
calibration of the reaction platform 1s also
recommended in order to provide better dats on
future tests, A test 1s recommended for deter-
mining the sliding coefficient of friction of the
tire on the platform surface.
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